The results of analysis of mineral fibres in lung tissues from 10 paraoccupational cases of malignant mesothelioma were compared with analysis obtained from seven cases of malignant mesotheliomas that had developed in gas mask workers. Nine of the paraoccupational cases were considered to have developed their tumours because of exposure to asbestos on their husbands' working clothes and one cancer developed in the daughter of a man who had died of asbestosis. The gas mask workers had direct exposure to asbestos while working in a factory that produced military gas masks. The results of mineral fibre analysis in the paraoccupational cases were variable; six showed high crocidolite concentrations, seven raised amosite concentrations and two normal concentrations of all types of asbestos fibre measured. Chrysotile was raised in one case but crocidolite and amosite were also increased. The gas mask workers showed a consistent pattern with high crocidolite concentrations and normal or low concentrations of chrysotile and amosite. Fibre lengths for chrysotile were similar in both groups and predominantly less than 5 pm. Crocidolite fibres tended to be longer in the gas mask workers than in the paraoccupational group and longer than chrysotile in both groups. Amosite fibres tended to be more variable in width than those of chrysotile or crocidolite.
The association between exposure to asbestos and the development of malignant mesothelioma has been well established since the description by Wagner et al in 1960 . ' The proportion of cases of malignant mesothelioma ascribed to asbestos, however, has varied (from < 50% to almost all) in different studies.'' More recently, cases have been described in persons who were not directly exposed to asbestos in the workplace but obtained their exposure through other members of the family; so called paraoccupational exposure."'0 The typical history is that of the woman who washes her husband's clothes that were covered in dust containing asbestos fibres; this happened when washing facilities were not provided at the factories and the workers wore their dirty clothes home. " In such cases the clinical history is sometimes vague and difficult to evaluate. Also, the role of the various types of asbestos fibre in the causation ofmalignant mesothelioma is controversial and there is little information on type offibre in these paraoccupational cases. We recently reported the lung fibre concentrations of a series of cases of nonoccupational mesotheliomas."
In the present study we compared the types oflung fibre and size distributions in a series of suspected paraoccupational cases of malignant mesothelioma with a series of known occupational malignant mesotheliomas developing in women who were gas mask workers.
Materials and methods

CASE SELECTION
Necropsies had been carried out on all cases, and all had been diagnosed as having pleural mesothelioma. All the cases had been referred to the Cardiff and Nottingham mesothelioma panels. Table 2 gives the results of the fibre analysis for each case. The gas mask workers showed a consistent pattern characterised by high crocidolite concentrations within the lungs and normal concentrations of chrysotile; amosite was absent or at low concentrations. The results for the paraoccupational group were more variable; six showed high crocidolite concentrations but these were generally not as high as found in the gas mask workers. There were raised concentrations of amosite in seven cases but in only two (P1 and PlO) were they raised in the absence of raised crocidolite concentrations. Two cases (P3 and P9) showed normal concentrations of all types of asbestos fibres. One case (P7) showed a high chrysotile concentration; crocidolite and amosite were also increased. Other fibres such as muscovite, between the sample groups. The amosite tended to rutile, and silica, were also found in some of the cases be wider and more variable in width than the but these were of short length and width and low crocidolite and chrysotile. Figures 1-3 show the concentration. conditional distributions of lengths within the width Table 3 shows the means (arithmetic and classes for each of the fibre types. geometric) and standard deviations (SDs) of the amosite, crocidolite, and chrysotile fibre lengths for each case. The results for the chrysotile were similar in each group and were predominantly less than five Discussion ,um in length. Crocidolite fibres tended to be longer A considerable excess of deaths due to malignant in the gas mask workers than in the paraoccupational mesothelioma have occurred in the workforce group but were longer than the chrysotile fibres in employed at a Nottingham factory that produced both groups. Table 4 shows the means (arithmetic military gas masks during the second world war.'4 and geometric) and standard deviations of the The gas masks contained pads composed of merino amosite, crocidolite, and chrysotile fibre widths for wool and 15% blue asbestos. The crocidolite asbeseach of the cases. The crocidolite and chrysotile tos was obtained almost exclusively from the Witwidth distributions were similar to each other and tenoom mine of Western Australia. Many workers Fibre length (pm) Figure 3 Fibre length distributions of chrysotile in two width classes for paraoccupational and gas mask worker groups.
were exposed to considerable quantities of this asbestos and analysis of fibre burden of the lung has shown high concentrations of crocidolite in many of the workers."5 This series of cases appears representative of the group, with raised and in some cases extremely high concentrations of crocidolite within the lung tissues. Not surprisingly the series of paraoccupational malignant mesotheliomas have less well defined exposures to asbestos. In nine cases it was claimed that they had received their exposure from washing their husbands' contaminated overalls. This is now a well recognised means of exposure."' The types and quantities of asbestos to which the husbands were exposed would have varied widely and the fibre burdens within the lungs of these cases were much more variable than those of the gas mask workers. Raised concentrations of amosite as well as crocidolite were found except for two cases (P3 and P9), who had similar asbestos fibre concentrations to those we have observed in non-exposed controls. The crocidolite concentration was so high in case P5 that we suspect a direct exposure to asbestos that was not ascertained from the occupational history. The husband ofcase P3 was a dockyard worker and that of case P9 a "jobbing" builder; in both the history of working with asbestos was nebulous. The present state of knowledge does not allow us to draw a definite conclusion as to whether these malignant mesotheliomas were due to exposure to asbestos or not. In general the fibre burdens in the paraoccupational group were similar to other groups of workers that we have seen with light or moderate direct industrial exposure to asbestos.
The preponderant type of fibre in the gas mask workers was crocidolite whereas chrysotile was within the normal control range in most cases. Amosite was either absent or only present in low amounts. The mineral content ofthe lungs appears to reflect accurately the history of exposure to asbestos in this group of workers. Interestingly, although the period ofexposure to crocidolite was between 10 days and 35 months for the gas mask workers, high crocidolite concentrations were found in the lungs of several of the cases. Also there was some correlation between duration of exposure and the lung fibre concentrations found. Although the factory used dust extraction and ventilation in the dustiest parts of the assembly line, a considerable amount of dust must have contaminated the atmosphere, resulting in several of these workers experiencing heavy exposures. The lungs from the paraoccupational group showed a more variable fibre content; with increased concentrations of crocidolite or amosite or both in eight of the 10 cases but chrysotile was nearly always within the range for controls. These observations support previous evidence that amphiboles are much more important in the genesis of malignant mesothelioma than chrysotile. Tremolite was not found in significant concentrations in either of the groups. High concentrations of mullite were present in several cases. Mullite is a short fibre (< 3 gm in length) form of aluminium silicate that is derived from the burning of fossil fuels or tobacco products. We regard it as unlikely that mullite is important in the pathogenesis of malignant mesothelioma.
The dimensions of the various types of fibre show that amosite tends to be wider and more variable in size than chrysotile and crocidolite. The width distributions of chrysotile and crocidolite were similar to each other and between the sample groups. The mean lengths of crocidolite were much greater than those of chrysotile for both sample groups. There were longer crocidolite fibres in the gas mask workers than in the paraoccupational cases. If the Stanton hypothesis of mesothelioma induction (fibres 8 
